The radial variation of temperature in the inner corona is examined using long-exposure Y ohkoh images of two regions of di †use (quiet) corona. The results indicate a steady radial increase of temperature for both regions, out to 0.7 and 0.95 solar radii above the limb. We Ðnd that the Ðlter-ratio data for the two regions is well Ðtted in each case by integration over the line of sight of a spherically symmetric model atmosphere in hydrostatic equilibrium and with a temperature proÐle due to a conserved inward heat Ñux. An Abel inversion process is also applied to the data, and this gives results consistent with the spherically symmetric, conserved-heat Ñux model. These results imply that the nonthermal energy responsible for heating these regions of the quiet corona is being deposited beyond the observed range of heights. However, the di †use regions we examined are believed to be partly closedÐeld regions, and so, the radial models require careful interpretation. We discuss the implications for coronal heating in these regions.
INTRODUCTION
The mechanism of coronal heating is one of the outstanding problems in solar physics (for recent reviews, see for instance Ionson, & Spicer Kuperus, 1981 ; Wentzel 1981 ; & Orrall & Ulmschneider Pneuman 1986 ; Narain 1990 ; Priest, & Rosner To Ulmschneider, 1991 ; Zirker 1993) . maintain the SunÏs high-temperature corona, nonthermal energy must be transported to the upper atmosphere and dissipated there as heat. For quiet-Sun regions, an average nonthermal energy Ñux of order 106 ergs cm~2 s~1 (directed outward from the coronal base) is necessary to meet the estimated losses & Noyes although the (Withbroe 1977) , nature of that energy Ñux, and how and where it is dissipated, remains unresolved. The energy input may occur in bursts, although steady state models of the energy balance (which are almost always adopted, for simplicity) should provide a meaningful time-averaged description. Recent high-resolution observations of the transition region and corona have further complicated our picture of the energetics of the atmosphere of the quiet Sun (Athay 1985 ;  The transition region provides a dynamic Mariska 1986) . lower boundary to the corona, resolvable at arcsecond scales into a wealth of energetic events including spicules and other mass ejections. The role of these dynamic events in the mass and energy balance of the upper transition region and corona is unclear. The enthalpy Ñux associated with spicules may be signiÐcant for the energetics of the transition region, and possibly also for the energy balance in the corona (see Withbroe 1983) .
The coronal heating problem is relevant to many others in solar physics ; for example, in open Ðeld regions, the heating mechanism is crucial to the energetics of the expansion of the corona to produce the solar wind (Withbroe Until the coronal heating problem has been solved, it 1988). is likely that our understanding of the solar wind will also remain incomplete.
Improved observations of the quiet inner corona may provide valuable clues to the heating mechanism and help constrain theoretical models. In particular, temperature determinations provide information about where nonthermal energy is deposited. However, the literature contains few observational determinations of the temperature proÐle of the inner corona. & Withbroe Mariska (1978) inferred from Skylab EUV data that the coronal temperature rose throughout the height range 1.03 R _ ¹ r ¹ 1.3 for the quiet limb regions observed. They concluded R _ that signiÐcant coronal heating occurs beyond r \ 1.3 R _ . et al.
analyzed L a coronagraph observations Kohl (1980) and concluded that there is a temperature maximum in the quiet corona located at or within r \ 2.0
More recent-R _ . ly, has used measurements from an EUV Falconer (1994) rocket telescope to infer a temperature rise within 0.15 R _ of the solar limb for three quiet-Sun regions. Falconer concluded that heating was required above r \ 1. 15 for all R _ three regions.
This paper attempts to constrain where nonthermal energy is deposited in two quiet regions. We present detailed analyses of a pair of regions of di †use coronal soft X-ray emission observed with the Soft X-ray Telescope (SXT) aboard the Y ohkoh spacecraft. In each case the soft X-ray emission within the Ðrst solar radius from the limb is compared with the predictions of simple atmospheric models. In addition, we adopt the novel procedure of performing an Abel integral equation inversion to obtain radial temperature and number density values for the observed regions, rather than deriving line-of-sight weighted averages. A preliminary analysis of one of the regions of interest together with interpretations of the results was given in an earlier paper Wheatland, & Acton (Sturrock, 1996 al. (1995) .
Both regions were examined using the following procedure. The selected images were coaligned and corrected for background, vignetting, and artifactual spikes, and uncertainty arrays were calculated for each image, incorporating decompression errors and photon statistics. The images for each Ðlter were then summed, and the uncertainty arrays combined in quadrature, to produce pairs of time-integrated images and their corresponding uncertainty arrays. (The e †ective exposure time was 136.5 s for the May 7È9 region, and 121.3 s for the August 26 region.) Data were then extracted from the summed images for polygonal regions chosen to include part of the di †use region o † the limb and limited in radial extent by the edge of the frame of some of the constituent Y ohkoh images. 1 (Plate Figure  10 ) shows the data regions outlined on composites of Y ohkoh images, together with coaligned images taken near in time with the Mauna Loa Solar Observatory (MLSO) MK3 coronameter of the High Altitude Observatory. Coronameter images are proportional to the integral over the line of sight of the electron number density, n, whereas soft X-ray images are proportional to an integral involving n2. Consequently, white-light images show the extended corona, which is invisible to the SXT. In the di †use regions Figure 1 of interest are seen to have white-light counterparts that extend to at least r \ 2.44 (the edge of the coronameter R _ images). The characteristic coronal streamer shape is evident for both regions.
For each summed image, the data within the chosen region were averaged over azimuthal angle (with respect to the Sun center), to produce a pair of count rates as functions of radius. Uncertainties were calculated from the uncertainty arrays for the count rates at each radius. Finally, we also calculated the contribution to the observed counts due to instrumental scattering of photons from nearby bright regions et al.
A scattering image was calculated (Hara 1994) . from composites of Y ohkoh images taken near in time to our long-exposure images, and this image was azimuthally averaged over the region of interest, to produce a scattering estimate at each radius.
shows the time-integrated Figure 2 for both of the examined regions, Tsuneta 1991) together with the scattering estimates for the Al 1265 Ó Ðlter. Scattered photons constitute a small but not insigniÐ-cant fraction of the accumulated counts over the heights examined, and in the analysis described below, correction for scattering is made where possible. Error bars have been omitted from for clarity, but they are very small Figure 2 because of the long e †ective exposure time and the azimuthal averaging process. For example, for the summed and averaged data from the Al 1265 Ðlter for the May 7È9 Ó region, the estimated uncertainties are less than 0.5% over the examined range of heights.
From the ratio of the count rates through the two Ðlters, it is possible to derive a mean temperature, representing the electron temperature weighted by the square of the electron density along the line of sight et al. (Tsuneta 1991) . Figure 3 et al. (Sturrock 1996 ; Foley 1995) .
To interpret the line-of-sight average temperatures of it is necessary to know the variation of number Figure 3 , density along the line of sight. Unfortunately, we do not have that knowledge, and we are forced to make simple assumptions about the geometry of the region. For example, if the observed emission is produced (for each region) by a sheet of material in a plane perpendicular to the line of sight, then the temperatures of are the Figure 3 plasma temperatures in the sheet at di †erent radii. However, the di †use appearances of the two regions suggest a spherical geometry rather than a planar geometry, to a Ðrst approximation. The regions are observed to underly streamers which have a planar geometry, but the ( Fig. 1) , base of the streamers (as observed in X-ray) do not appear to have a planar conÐguration. A spherical geometry may be appropriate to describe these regions, particularly if the base of the structure consists of radially extended loops et al.
The departure of the structure from (Sturrock 1996) . the assumed geometry at greater heights is less important because the bulk of the soft X-ray emission comes from the denser regions below. In a spherically symmetric atmosphere, the line-of-sight mixing e †ect is signiÐcant, and the temperatures of are weighted averages. Figure 3 In the analysis presented below, we assume that the observed regions are spherically symmetric, i.e., vary only in the radial direction. We present two approaches to the analysis of our data. The Ðrst approach is the forward procedure of assuming a simple atmospheric model and Ðtting the observed emission by integration along the line of sight of the model. The second approach is the inverse procedure, whereby we derive directly from the data the radial number density and temperature proÐles that would reproduce the observations.
Forward Analysis
In principle it is possible to determine, given any model atmosphere, the best Ðt to both the Al 1265 and Al/Mg/ Ó Mn data for each region. However, an inspection of the count rates going into the azimuthal averages (described in above) shows that there is systematic variation along the°2 azimuth with a much greater amplitude than the uncertainty assigned to the average. This statement is true for both the May 7È9 and August 26 data sets. Because of this variation, the average value obtained depends on the choice of the polygonal region of interest to a far greater degree than the errors suggest. The systematic azimuthal variation represents structure in the regions of interest. Unfortunately, we lack the knowledge of the geometry of the regions needed to model this structure, and so, our azimuthal averages and their uncertainties need to be carefully interpreted.
Instead of individual Ðlter counts, we consider the ratio of the counts from the two Ðlters. We denote the data number (counts) observed by each Ðlter by (i \ 1, 2), where i \ 1 D i refers to the Al 1265 Ðlter, and i \ 2 refers to the Al/Mg/ Ó Mn Ðlter. We consider the Ðlter ratio
In the isother-D 2 /D 1 . mal approximation, the Ðlter ratio is independent of the electron number density along the line of sight. Consequently, if the systematic variation observed is due to local azimuthal density variation rather than temperature variation, we expect that the Ðlter-ratio data along each azimuth will not exhibit large systematic variations. Inspection of the data sets shows that this expectation is met. For both regions, the Ðlter ratio does not vary signiÐcantly along the azimuthal arc for a given radius. Consequently, the average of the Ðlter ratio along an arc does not depend sensitively on the choice of the data extraction region, and may be modeled without a detailed knowledge of the geometry of the region.
We consider the following simple atmospheric model et al.
The region is assumed to have radial (Sturrock 1996) . Ðeld lines carrying a conserved inward heat Ñux, with the value at the coronal base The temperature
where x is a normalized coordinate deÐned by x \ r/R _ , T 0 is the temperature at the base of the model, i.e., at x \ 1, and a is the coefficient of thermal conductivity (Spitzer The quantity a is weakly dependent on pressure and 1962). atmospheric composition ; for the solar corona a value of 10~6 (in cgs units) is appropriate & Ulmschneider (Nowak 1977) .
We also assume a model atmosphere in hydrostatic equilibrium, so that dp dr
The pressure and density of the corona are expressible as
where n is the electron density, is the proton mass, and t m p and k are factors calculable from the atmospheric composition. We need only the ratio which is the mean k8 \ k/t, particle mass of the atmosphere in units of Using the m p . coronal abundances of & Anders (and their Grevesse (1991) solar wind value for the hydrogen abundance), we obtain
In the following analysis, the value k8 \ 0.56^0.02. k8 \ 0.56 is used.
The solution to with the assumed tem-
where
The model expressions for temperature and number density, equations and may be used to calculate the (1) (4), expected count rate observed by the SXT. Consider the observation, by the SXT, of soft X-ray emission along a line of sight at a minimum distance x (the "" impact parameter ÏÏ) from the solar limb. Because the corona is optically thin, all hot plasma along the line of sight contributes to the observed count rate. Using information contained in et al.
we Ðnd that the X-ray count per expo-
In represents the response of the Ðlter i, equation (6) F i (T ) per unit emission measure, to plasma at temperature T . A Ðnite upper limit in the integral in is needed equation (6) because the integral diverges when extended to inÐnity, because of the Ðnite density and temperature of a static model atmosphere at large radii. In the real Sun, it is the solar wind that makes the integral convergent. As an approximation to reality, we truncate the integral at some upper limit, approximately where the solar wind critical point would occur. The result is quite insensitive to the exact choice of we have chosen The lower limit in
is the location of an integrable equation (6) singularity. In practice the integral is numerically evaluated after removing the singularity, by transforming variables to the line-of-sight coordinate s \ (y2 [ x2)1@2.
To compare the model with observed Ðlter ratios, we Ðrst calculate the observed ratios as functions of radius for the two regions. Then we calculate the model ratio from D 2 /D 1 using the atmospheric model and the known equation (6), Ðlter response functions et al.
The model (Tsuneta 1991) . ratio has two free parameters : the base temperature and T 0 the base conductive Ñux
Because the calculation is F 0 . intensive, the model ratio is only computed for every second radius for which an observed Ðlter ratio is available. For each region, the best Ðt to the observations is determined by minimizing the chi-squared statistic (s2), and uncertainty estimates for the Ðtting parameters are derived from the s2 surface et al. (Press 1986) . shows the best Ðt between model and data for Figure 4 the 1992 May 7È9 region. The agreement is excellent, with the best Ðt found for K and
shows the best Ðt Figure 5 between model and data for the 1992 August 26 region. The agreement is again excellent, the best-Ðt parameters being K and ergs
The parameter in our atmospheric model that remains to be determined is the base number density This may be n 0 . by found by Ðtting the model soft X-ray count, given by to the observations through either Ðlter equation (6) 
Inverse Analysis
The inverse problem consists in deriving the number density and temperature structure of the di †use regions, given the observed emission. Certain geometrical assumptions are also required. We assume that the emitting regions are spherically symmetric, i.e., are completely described by the functions n(x) and T (x), where x \ r/R _ . describes the observed emission along the Equation (6) line of sight of a spherically symmetric atmosphere and may be considered an integral equation for the "" source function,ÏÏ 
where the prime denotes derivative with respect to argument. We have assumed that the source function is zero beyond the cuto † radius, x c . The integrand in involves the derivative of equation (9) the data over all radii less than Since the Y ohkoh obserx c . vations extend only to a maximum data radius, while we x m , are assuming it is necessary to extrapolate the data. x c \ 5, In the following we take the maximum data radii to be for the May 7È9 region, and for the x m \ 1.65 x m \ 1.9 August 26 region.
shows that the data are well Figure 2 represented as decreasing exponentials,
at the greatest heights observed. The data are Ðtted to over the range where is chosen equation (10) x l \ x \ x m , x l to be 1.5 for the May 7È9 region, and 1.7 for the August 26 region. The Ðtting functions are then adopted to extrapolate the data into the unobserved region, SpeciÐcally, we
rewrite as equation (6) 
where the integration variable has been changed to the lineof-sight coordinate s, and
is applied to the scattering-corrected data Equation (11) from each Ðlter to yield and The method of approx-D i f 1 f 2 . imating the derivative of the data is discussed below. Once and are obtained, knowledge of the response functions f 1 f 2 and allows us to recover T (x) and n(x). SpeciÐcally, F 1 F 2 the SXT Ðlters were chosen so that the ratio of their response,
is a monotonic function of temperature, and so has a unique inverse et al. which we will denote by (Tsuneta 1991) , # 1@2 . With this notation, the temperature is formally obtained via
This procedure is followed for each data radius between x i the limb and and the number density at each point is x m , obtained using
requires the derivative of the data. This is Equation (11) approximated at each radius by the gradient of the x i straight line through the data points at and This x i~1 x i`1 . procedure is referred to as the "" midpoint ÏÏ method. The Ðrst integral in is performed by integrating equation (11) over an interpolation function deÐned through the midpoint derivative values.
The parametric Ðt to the data, can be used equation (10), to provide a useful check on the inversion procedure over the Ðtted region Substituting
gives an integral that may be performed equation (9) & Ryzhik resulting in (Gradshteyn 1994),
where is the zeroth-order modiÐed Bessel function. K 0 Using the temperature and number density equation (16), (for radii are obtained as described following
shows the temperature values obtained by Figure 6 (T inv ) applying the inversion procedure to the 1992 May 7È9 data. These values are close to the best-Ðt (solid) equation (16). curves, although the sensitivity of the inversion procedure to the choice of the parametric Ðt to the data is apparent. The base temperature, is consistent with the value T 0 , obtained by the forward Ðtting procedure, but the base conductive Ñux, is larger than the value obtained in F 0 ,°3.1. However, in the forward procedure the Ðtting was performed over all observed radii, whereas here we have Ðtted only the region 1 \ x \ 1.25. It is also possible that we have underestimated the uncertainty associated with our determination of F 0 . shows the values of (crosses) obtained for the We do not attempt the Ðt over all x F 0 . because the dependence on x of the uncertainties in the inverted values is unknown. Our Ðt over the interval 1.0 \ x \ 1.25 assumes a constant variance, an assumption that is certainly not met over all x.
shows the number density values, obtained Figure 8 n inv , for the 1992 May 7È9 region (crosses). The vertical axis is cm~3). The solid curve is the best Ðt to the hydron inv /(109 static model with conserved heat Ñux (with the base temperature and heat Ñux values obtained from Ðtting for T inv this region). The best Ðt is obtained for a base number density cm~3. Fitting was performed n 0 \ (3.6^0.4) ] 108 over the range 1.0 \ x \ 1.25, subject to the assumption that the variance of over this range is proportional to n inv This assumption was checked after the Ðtting was pern inv . formed. The dashed curve in shows the number Figure 8 densities obtained from the exponential Ðts to the soft X-ray data, via shows for the 1992 equation (10). Figure 9 n inv August 26 region (crosses). The solid curve is the best Ðt to the hydrostatic atmosphere, and has a base number density cm~3. We have assumed the values n 0 \ (2.8^0. The numerical inversion of AbelÏs integral 1986). equation in the presence of measurement uncertainties is weakly numerically unstable. A recommended procedure for stabilizing the inversion is statistical regularization. Regularized inversions were attempted for this problem, but were not found to give substantial improvement over the "" classical ÏÏ approach used above. The success of the direct inversion can be attributed to the quality of the SXT data, particularly the high spatial resolution and low noise (achieved by averaging count rates).
Finally, we brieÑy consider the importance of the exponential extrapolation, adopted to represent equation (10), the data for Numerical testing showed that neglectx [ x m . ing the extrapolation results in changes of the Ðtting parameters and of only a few percent. Hence, we are T 0 , F 0 , n 0 conÐdent that the use of the extrapolation does not introduce serious error.
DISCUSSION
The results above show that the soft X-ray emission from the observed di †use regions is surprisingly well represented by the emission from spherically symmetric, barometric atmospheres with conserved, radially inward heat Ñux. No signiÐcant departure from the conserved-Ñux temperature proÐle is found in the regions of interest. Hence, the model suggests that in these regions nonthermal energy is being deposited beyond the heights visible to Y ohkoh.
This result is subject to a number of caveats. In particular, restrictive assumptions have been made about the geometry of the regions of interest. The comparison of SXT and white-light images suggests that the two regions ( Fig. 1) consist of a mixture of open and closed Ðeld lines. The assumption that Ðeld lines in these regions are radial may be appropriate for open Ðeld lines, and for Ðeld lines that close outside of the observed region. However, the radial assumption is inappropriate for magnetic loops closing in the Ðeld of view. When contrast-enhancing techniques are applied to the May 7È9 SXT images, we see loops closing within the Ðeld of view, at the limits of resolution of the instrument. However, it is certainly possible that the region also includes a radial Ðeld component. & November Koutchmy recently examined high-resolution white- (1996) light eclipse photographs and demonstrated the existence of radial, open-Ðeld structure in a region of predominantly closed Ðeld lines. The 1992 August 26 SXT images do not seem to resolve loops in the di †use region under investigation.
It may be possible to construct a magnetically closed model for the observed regions that reproduces the observed radial soft X-ray data. Because of the large scale of the loops, the familiar constant-pressure "" scaling laws ÏÏ (e.g., et al. are no longer justiÐed. Also, any loop Bray 1991) model will require simplifying geometrical assumptions to describe the spatial arrangement of loops. The observational result that (weighted) temperature increases with radius in these regions will probably require that loop temperature (measured at the apex of each loop) be an increasing function of loop length. This may be compared with recent investigations of this relationship for well-resolved loops.
& Klimchuk found that loop temPorter (1995) perature and length are uncorrelated for the 47 well-deÐned, nonÑaring, coronal loops they examined with the SXT. & Tsuneta however, found a signiÐcant Kano (1995), dependence on loop length, for 32 steady loops T ' P L0.36, observed at di †erent times by the SXT in a single active region. From a comparison of soft X-ray and microwave temperature and emission-measure determinations, & Gary inferred that temperature Klimchuk (1995) decreases monotonically above an active region, and found that a nested-loop model Ðtted to the observations implied that loop temperature was a decreasing function of loop length, T P L~2. It is possible that di †erent relationships between loop temperature and length hold in di †erent regions on the Sun.
In addition to our uncertainty about the shape of the magnetic Ðeld lines within the observed regions, we do not know what fraction of Ðeld lines carry soft X-rayÈemitting plasma. UV observations of the transition region & (Cook Brueckner and low corona imply 1991) (Falconer 1994) Ðlling factors of less than a few percent. We have assumed a Ðlling factor of unity, to avoid the introduction of another free parameter and to simplify our modeling of the atmosphere and of the SXT observations along a line of sight. The number densities we have arrived at should perhaps be interpreted as lower bounds, because the adoption of a small Ðlling factor would result in larger values of number density.
Our method of averaging the data, described in neces-°3, sarily precludes examination of small-scale variation and of time-dependent e †ects. In studying the faint, di †use corona, the averaging procedure is forced upon us, but it is possible that, as a result, we have missed essential aspects of the heating of these regions.
In our modeling we have also neglected radiative loss. For the relatively low-density, di †use regions of our study, radiative loss is less important than conductive loss, but it is not insigniÐcant & Noyes Most of the (Withbroe 1977) . radiative loss will occur close to the coronal base, where the density is largest. The inclusion of radiation in the model is expected to change the numerical values of the Ðtting parameters, but not the qualitative results presented above.
The salient result of this study, namely that coronal temperature steadily increases with radius in two regions of quiet corona, rules out some speciÐc models for nonthermal energy deposition. For example, numerical models of the corona typically invoke an unspeciÐed mechanical Ñux, F m , to power the corona & Orrall (Kopp 1976 ; Withbroe 1988 ). This energy Ñux is assumed to have a constant dissipative length scale (in units of the solar radius), so that, in a x diss radial geometry,
where is the mechanical energy Ñux at the coronal base. F m0 has a simple, observationally testable conseEquation (17) quence. Assuming a static corona with no radiation, implies a temperature maximum at equation (17) 
with
where '(T ) is the radiative loss function and is the T ch "" chromospheric ÏÏ temperature where the downward conductive Ñux is zero. depends only weakly on Equation (20) in the range 104 K, because '(T ) is small T ch K \ T ch \ 105 for these temperatures. In our comparison of equation (19) with observation, we use the radiative loss function of Cook et al.
To evaluate the right-hand side of (1989 4^0.3) . The discrepancy between the predictions of the Moore-Fung model and our observations may be signiÐ-cant, although it is necessary to remember that our values of and are derived in the context of a model that n 0 , T 0 , F 0 simpliÐes the energetics of the inner corona by neglecting radiative loss above the coronal base (as discussed above). Also, the Moore-Fung model may be an inadequate description of the energetics of the transition region because it neglects the role of the enthalpy Ñux associated with spicules (Athay 1985 ; Mariska 1986). (1978) a number of quiet limb regions using Skylab EUV data. They concluded from an emission-measure analysis that the temperature near the solar surface was between 1.5 ] 106 K and 2.0 ] 106 K (a second determination using line ratios gave lower temperatures), and the mean base density of the regions was around 108.5 cm~3. These values are again compatible with our derived values. Finally, Withbroe quoted the value of the base conductive heat Ñux in (1988) the quiet corona, based on a review of determinations in the literature, as [0.4), which is consistent log F 0 \ 5.4(]0.6, with the base conductive Ñuxes derived in our study.
Another point that will be brieÑy considered is the relationship between the radial temperature values of the best-Ðt model atmospheres and the temperatures obtained by the standard Y ohkoh procedure of assuming isothermality along a line of sight (e.g., et al. Sturrock 1996) . Figure  compares the values obtained by the two methods. The 10 "" isothermal ÏÏ temperatures (crosses) are consistently larger than the model values (solid curve). This may be understood geometrically as follows. The temperature of an isothermal column producing the same soft X-ray count as the observed line of sight through a spherically symmetric atmosphere represents an emission-measureÈweighted average of temperatures along the line of sight. Since the minimum temperature along that line of sight (in an atmosphere with a temperature increasing with radius) occurs closest to the limb, the inferred temperature will be larger than the temperature closest to the limb. For large x \ where the radial temperature gradient in the atmor/R _ , sphere is decreasing, the line-of-sight mixing e †ect is less pronounced, and so, the two values will become equal.
The results presented above favor a coronal heating mechanism that deposits nonthermal energy as heat at great heights in the quiet corona. If the regions comprise extended loops, the energy deposition may occur at or near the tops of those loops. A possible heating mechanism for these regions is heating by acoustic waves produced by large-amplitude, standing transverse waves on large magnetic loops et al. Most (Sturrock 1996 ; Sturrock 1997 ). heating will occur near the tops of the loops because the amplitude of the standing oscillations increases with decreasing density. Observations of EUV lines obtained from o † the solar limb show an increased broadening with height above the limb et al. consistent with (Hassler 1990) , the propagation of hydromagnetic waves in the inner corona. The possibility of a model of heating due to acoustic waves excited by standing transverse oscillations of magnetic loops is currently being investigated.
Finally we note that the Ultraviolet Coronal Spectrometer (UVCS) aboard the recently deployed SOHO spacecraft provides plasma diagnostics, including temperature and density, in the extended solar corona (r \ 1.25 R _ È10 The analysis of data from this instrument should R _ ). provide further insight into the coronal heating problem.
This work was supported in part by NASA grant NAS 8-37334. The authors also acknowledge support from Air Force grant F49620-95-1-0008 and NASA grant NAGW-2265, and helpful discussions with George Roumeliotis. Y ohkoh is a mission of ISAS in Japan. The X-ray telescope was prepared by the Lockheed Palo Alto Research Laboratory, the National Astronomical Observatory of Japan, and the University of Tokyo with the support of NASA and ISAS.
